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10 L-^ffll<^G.t^-5^^ll^S h^Vi^X^ (J£IT^ H E MT i 

(Om^. G a A sS:K±fCnMA 1 G a A s m^^#ti^»> RD^ I n G a A s ^ -^^ 
* /m * J^fife L s f - :^ -'US »c *i t:^- 5 m^Wi^ 2 2>:7C«^;!f x ^^y^ L izit-^^ 

15 <g*ffifflLA:5g^'N®iJ0»3#>L*<ia&tlTl^So I n Pa^R^ffiffl-rSi I nG 
a A s ^^^JUm<D I n«|fi5S*G a A s S«®ig^tihtfi! LTilS < "TS C 

20 I nifi^mfi*t:fefefl5*&*^G a A s ®gS[i&JBl±<J:iiJffiT*^o InPS 
iKttfijn^-r<3SgEfl«)tc*,Egjii*<*?)^ InPS!K©^ffltt> ^i^if^^iz-^Jl^m 

•€-ClTs HEMTfflOl nGaAs/InAl A s ^Oi^ji^ + i/^'^US*^ 
I n Pmm±Kmmi-?>(DtmmizLXG aAsmilR±iriJ!^^-t^CtK^^^ 
25 '^b^#^^^<*:<£rfP®!■r-5l^**<^^{-^T!btlT^,^«o L*>L^ GaAs©*S^^m 
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6 5 3 3 A-r*S©l=:*fLx I n PXtt I n P I no. ss 

Gao. 47A s ^ I no. 58A 1 0. 48As©*&^-S[|fett5. 8 6 8 8 A-^*fJN 

il®^A^*^i?;S^-r-5:^»6> G a A s S1S±©^< >y 7 r^f- I nG a A s ^ I 
n A 1 A s coiffi^^@BJl*^t:J-S;5'3**<^^-e*§o colBfigMB 
®l&^^iS[*P®)?«5•:^^|S^^r^s^'5?{c^;i■r^,^< ^ri^u-f^y K^^>y^T^ 

(^aj^lJfx W.B.Hoke et al.. J. Vac. Sci. Techno l.B. 19 (2001) 1505#M) > XttC 
K/<y7T^ («»J;1«N S.Goze et al. . J. Cryst. Growth 201/202(2001) 

155 #18) *<^icfflii>c.nTi^So mmitm=3rm^''<yyTm<D'p-e^^Kmm 

rmi)<0. 5 jam£(±i*'^tcl?< <ESC<!:-^*So 'J U-f-' y K 

^S«-iS;< ^i:^*^t>-e*§o — :/^^U--r'y hV< >y ^ r jST «^ &^<-y 
A<e>s d©Jg^-^^. ±iB:S:iSitc||^$tlTl>S|RJ-etts ^<-y ^rMlStiO. 6 
25 fif^O. 5 itt mJglTtc-rSCittaii-^ASo 

7?x 3X ^;5<*^$t^c:<!:lcns:5o Uyc*<-:>T. iiSffi:^C I nPS«*^ffi^<s:Ga A 
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±32»S*^^-r'SfcJ6. m.Mm^<Dmm. ^IcIgBfl^^H. GaAsS«K±}- 
5 n mJK± 5 0 0 n mJ2iToMJ?cD I n G a P «y 7 r SXtt I n G a A s P ^< 
15 y7rS«-Bj«Lfcm> ^'^-y^r^iJCl nPx I n G a A s * S I n A 
1 As®^<&«t)i-r5c:iK<fct)> *oigffiiii(CBI*<d><E<^®4fefii*>SifK''3:« 

^?&m<Dil^WHt> G a A s S«[±J=> G a A s J; ?) I n P ©t&^ 

5t8fc{ciai,>'fh-&;Kl*^(*iS^X« I n P^^*<^P$tlT^S'ffc^%^#(*JC*5 
20 i%Ts Hfil5G a A s I n G a P^<>y y rMXit I n G a A s P^^" y 7 r 

G a A s ©l&^^$ii[«fc I n P©t&?3£»fet-iai>'{b^<fej^^<*!eSttN I n 
GaAsXttl.nA 1 A s Igg-^* r>-Ct) Jcl^o I n G a P^<y 7 rBXtt I n 
25 G a A s P>'<y 7 r]BOii>^<£ < i t>±)i 5 nm© I nlBlfiSttG a A s if&^H-^/- 
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*§gl^a©fibO^^*ifc^i^ G a A s mWL±ic> G a A s ©fed^^^-t «5 t> I n P O 

it:«rj*K:*>n^T. G a A s iS<R±t=: I n G a P/<y 7 rSXtt I nGaAs P/< 
«y 7TS*^S$■a•^ mi nGaP^<y7rgXttI nGaAs P^<y7r)g± 
5 KG a A s ©*&^^|»[J; t) t> I n PO*&M8&Kiat^^b^'^^^«:^®3?:« I n 

P i^S^^SM $ -if 5 K * § o 

0 2 0tt^ ^1001 nGaPM©! n<S#fSti«^^ b"C 1>S G a i I n<kO 
10 «||£^*©ai^item*^-r^^7-7-e*5o 

*>N ddlfttl nGa P^<•y:7r®©^i^^co^,^TiteBJ-rs*<N :*:fgl»9ttC©— 
15 mmmt':-WiM^n?>h<D-Vitis:<^ m^tfl nGaAs P {col^T^);^< 

^|8j2^.^(*:a:fcf^4^S/ + ;i/S«l 0 i*> ^j^miStiG a A s S« 1 ±J=G a A s ^< 
y 7 rS 2 S-O^ I n G a V 3 *<c:©|Ii^-pj^JSg$tl-ri>§o ^j:*?^ G 

20 a A s^-^-y -7 7^2 (i^ B^^tiryi^fKX^^l^o 

1 nGa P/<y 7rM3 ©@ff»N JjcflM© J^ST « 3 0 nm<i:^J:oT*J«3> 

I nffiJ^t-r I ntGa<Dff&m'eJ^^KiMir?> I n*;H*©iiJ^A<s ±e««» 
5 nmOmm-i-tit>*> C(0m<D±<0y< t) rm i <b©Jai?l*^&««l5 nm©fg|B-?ftt 
0. 4 8 it) t>ig< > -^-tUBl^OligiB-rtiO. 4 8 i:^£-3Tl.>So InGaP/< 
25 y •7TJ13®/?$tt5 nmBl±5 0 0 n mJe(T©$gHlrt'??*tlf* .kv^o 

Inm^ii^O. 4 8 ©ig^fcti I nG a P*<G a A s ife^S^-t--5o 
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m^in:. 3!t#t&iis ^mmm. m^^i^' m-v m^^mt^m^' . na:^ 

*t(1988))o InGaAs P©^i^^=:o^,^-Ct)^ I^^JwGaAs i:<fe^«E 
^■#-5 I niffi^*ifc3e-r^So HCom^Ol n. ffiSRtt A sialic {S#-r^o 
5 tf. Asfflfiic^O. StfSi^ Inffl^S«0. 2 4 i^So SijOA s iffl^-e* 

I n G a P^<"y 7 rM 3 ®±(c(i> I n P f>)^§>'< U TB 4 ^ I ni®J^*^ 
0. 5 3© I nGaAs*^&fieS5^-^' ^-'^g5^ InlftfiKd^O. 52<Z)InAl 

10 S&ICs lniffl^*<0. 5 2CDS i K--:^! nA 1 As*^&^Sm^#*&® 7s 
Inifflfi55*<0. 5 2© I nA 1 As*>&BSSSv'3 «y h+-B8x I nffll^SA* 
0. 5 3© I nGaAs*^&BS£?JS i * K- fcf >^^Lfe3 he9*<C©)l|M 

^iteiitttGaAsSiKi±{-B^$n-2.#e«> fijx.«> w^^n-fb^mfflfiK 

15 (BIT. M0CVD?*<b^-r.5C<t*<ibS) {cJ:«5lli2):i^B-r-Sc:i*'S-e§ 

So I nG a P/<^'-7rM3*J^B&-rSii^. I niffllJ5£*<i^— »C 0 . 48 

tt£?,^-^KMmLX I nGa P^<y :7rB3 ^J^^-fSo L*^L> ^ISUctts 
I n©iSW^mt=J:«3> I nGaP'<y7rS3©-5-6'<y T®4»c:iSl.^lii^s 
:7rB 3 ©±B«^ 5 nm®$liB©«l«Ttts I nifa^ttO. 4 8 J; 

20 «3 t>^:9'f-:^# < /<U TB 4 <!:©J^^M)£-??tt I nj&^iiSHi/j: So — i^T. 
I nGa P/<y :7 tB 3 4'©G a {=oi,^-C(is ^<UTB4 <b ©^^#j£-e«^S 

;iOfe[i^> Ga As©feiF^3^cb?) t> I n P©^&^^^^ci£l^^b^t)i^^^*:ig 
^*Wt--6B*<. I nGa P/<y ^tBS©©^®© I ni)<mmtti^X\.^ 
25 JS<D±JCJ^J5J2$nsciic:^j:So C©C iti. HSfl^fCN InPB©±KGaA 
s ©l&^jesHt J; fJ I n P ©♦&iF3£»:Ki£l«Wb^'^¥«(*:i®S*Wt-SB^«:J^ 
J5!$-r-50il^«©igm<t^j:-SC t*fit5fe-rSo Lfc*<oT. ^«liitttG a A s S 
• «^ l±{C?^j§!c$nA: I nGa P^< -y 7 tB 3 ©S®®iffl^tt I nP®|fi^{cS«6 
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<&. 

COCi^SiK-rS^i&N G a A sS<R±tc I nG a PJl*J^^LfcSfci^*ffl 
5 i^r> I nGa PMl^J-^yttSGat I ntoSft^^trlliRCSllJttfco 112 

S{**(DSiJ^M^<£:^^^^^:7-i?^S„ ||2S{C:^^.^'*v7(i> GaAsS^± 
♦c:M0CVD3*{c<t?) I niffi^*<0. 4 8 K^i § J; ^ fc^gl LTI nGaPS«- 
m2 A nm®;?§^cJ^^L^ Cl© I nG a PM^^© I n i: G a t<Dm&.=^S I M 

s^5•*f*^To-cfl^3SLfejSm**•rt>©-e*So «fiii»*i nGaPg©^M*^& 

10 ©ai$*^L^ l?t$ai« I njaa^G a®S^**t-Cl^So 

Il2|g*^&*l|«<fc^^c. I nGa Pg*^©I niffl;^£*<l%— tCO. 4 Site 5 

c: i*<t)*^So — G a «aS®-e^SLTV^§o */i> #^ti:fcg5<^© 
M^^^^li^t/ii d^H a z eM*<^P pm-e*o^o C©Ct*^G.^>> I 
15 nG a P@®^®« I n P©ffl^tc@i6Tja< > *&^^:^S^*<@a6T:^^ < /X o 

I nGa PJiK*Jt:fS I n*<jafl§|tJ«SM»tt*®fi6MS«3l?KJ:5*^ 
fe^Ji-e 5 nmgflgJB(±^?*S^:<!:*<l^2 03&^&to3&^-6o I n G a PB®lg|J?j6< 
20 m-t^^t. *ffifli)?^^?)®*&? 5 x-7>f -y Mcj;Si6;^3&<:*:#-rrT> 

I nG a P^<>y 7 Te®^S^#fC-^l^T1^f^■r'&/^^6^ G a A s 
AlK^ M0CVDfe{cJ;«3^ I nG a PM<& 3 0 nm^ $ ^.tc I n PS* 1 0 0 
n mJ^Jgg LT{b^<fei{^«8t{4: e + 5/ + ^I/SiK*f^S! L o S j:. If jJ' + + 
25 ©^MflE«4 0 O-'T 0 0'X:©$Si8T«^W'L:feo BSSM^fc J: oT> 

jitf:^ + i/-f ;^S!E©^®^^J!IA<^f®J:•5^^:^i:S©*^*SI^■rs<!:*^c. Ha z 
QU'^mmLtio •€-©iSfm«2J^®ilt)T*o/£o 

^S2&^ CO Mi^^ Hazefit(ppm) 
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4 0 0 — 5 8 0 SIS iC"S~ 1000 

5 8 0 6 0 0 M@ 1000'-'2000 

6 0 0 7 0 0 ^=^^Wl7S 

j^Sfigee 0 o*CJ^i±tf«M3&<efflLTl^/^:o — :6"«MK*<6 0 bx;*T 

fli*<2 0 0 0 p pm<£-TlHloy;:„ L/s:*<oTx I n G a 7 r iS 3 {4 4 0 0 

VPJl±. 6 0 OX:JBlT®fiS£M^^#-e^S$-a:*«D*^*f* I- < > J:t)JF*H,> 
4 0 0X;~5 8 OX!-e*S«, 
<JCKMOCVD«MS«-5 5 Ot;tc@3tL^ GaAsS«±JCl nGaP^< 
10 y yrmm^S: 1 5 nm~3 0 0 nmOlgB-eS'^^^T^® -tOiK I n P 

I nGa P/<->'7T<0JI!iJ?KJ;oT> ?ie>n;teJ^fcf:f 4^'> + ;l'S«R©*lS<^fii*< 
i'oJ;^ {c/i:s©*^^«l^■rs^*{c^ H a z e 4t«rS!l3e L;fco •5-©i^mtt^.© 

15 I n G a Pg®^S (nm) ^®t^ffi Hazett(ppm) 

1 5 ~ 1 0 0 ^iS tScW~ 13 0 0 

1 0 0 ~ 3 0 0 mm 1 1 o o 

20 2EI*>^>t>*^-SJ:-5Jc^ I nG a Pe®i|ftJ^A< I n©^*f®^J6lci^#«rg»J-*& 
fe-SCt^^M^^S) 5 nm~ 1 0 nm©^gi*^e>•Tf*>§o c:©Ci*^e>> Ss&^rW 
^{C^i;iA)6e,ni.^/M^I*<?:{4 5 nm—l 0 n m^Kt?*> iit^S tl« o I 
n G a Pe©l^lf:*c:©^/jN^JP*''?>^< -^SJCotiT^ I n GaPM©^®*^ 
gStt^-irJcBfeMStiSo L*>L. mJ?36<l 0 0 nmSffiJglit^ESis -t©*^ 

25 < ^CSo JBl±©«ll*>e»fi^-rStN I nGaP^rt. ^JC^E-©^ 

M#itt-e{4. I nm^*<Ji5l,^^*<#^ELx L*^^ I n G a PS* 6 0 0 
©ffiS-CS nmB(±©M¥{-^MLy£li^Ktt*S^^iE^f-J;S 5 ;^7-f y M£ 
l^ii>i> &tiS e>n5o 
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I nG a P>'<y yrMXit I nG a A s P y< y r m<Dl^mt^ 5 nm 

£l±5 0 0 nm£tT"e*S*<^ L< ti5 nmJ£l±3 0 0 nm£*T^ <k*?lif* 
L< tt5 nmK±l 0 0 nmBlTx § e>K*ep^ U< tt 1 0 nm£<±5 0 nmJaT 

$ &ic*figii9£Dgijoiia6©?&iifw-pi^T^3siS:#B^LTij&Ha-r-5o n 1 

10 LfcMx I nGa P'<y 7rBtcSSl.^-CI nP^<y :7rS*itlS!ft5iSl<^fflS-e 

H 3 SlC:^L/='fh-^#J^«^*2 0 «s ±xB©#^:^^iiffl t/it)©t?*!9> I 
15 nG a P^<y 7 r® 3 i I n P fefiKS^^ 'J TH 4 iCDP^tc I n P^<-y :7 4 

m 3 0fC*il%T^ffl$nTt^'S^<y 7 r il<Z)fl}fi!SK:ol^TIftirat-So fefe^fiS 
20 cD<gM^^^^^^6Sfc^6 I nG a P/<«y "7 TMf-i^l^TBiJ©^<^ 7 r©*^:^^ 

I nGaAs^I nAlAs So I n A 1 A s ^ 

I nG a A s <j:^©H7cl^©'rb-^il¥#<*t* I n P -^G a A s ^i: .ifonTcl^'fb-^ 

5K^=^©fiS*<±#L. #tt*<fiT-rSo iSlfeMtts m^iii:i n G a A s 
ttO. 0 5W/cm«t5> InPT?ttO. 6 8 W/ c m • XJ-C— tff©^i^/^*<* §o 
I nGa P^<-y7rM3©S®#ja© I n-^eE*<i^<^ InGaP^<-y 
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7Te30fflJ5!c*<I n PCjei^C t I nGa P^<y 7rM©it± 

{clnP^"«y7re4A * J^^-f * d t K J; ?) je»^©ii>^j: l> 

IfLSA^BJ^SStiSo I nP-'<y 7 rS4 A©J^5gaS[»ix InGaP 
7r® 3 cD^®#ift©¥^itt^<S^ft«ffi^H^L•r^.^So I nG a P^<y 7 

G a P^<y r® 3 ©±JC^ LT)^^$ ti-S I n P^<v 3^ r M 4 A©^:g^#<lr 
iiitOKS^JltfCcbDi^ I nP^<«y7rM4 A©M©^fitt* I nG a P^<y 
7rJi3 ©M©^fitt<k*) t)m*f^Xt>©<i:-^5Cl-i:*<-e§SRlt6tt*<*S©-T?x 

10 ±E<ftf*©fc«6. *-r, G a AsS!K±KM0CVD^fcJ;«5> 5 5 0X!-l?I 
nGa Pfl* 3 0 nmJSSb^ C© I nG a PS±I-n I nP®*«SaaC4 0 
0°C~6 0 0°C©ISffit?5 0 nmJ^cSLyto $?>K I nPS*JSfi:^MS5 5 0 X) 
T? 5 0 0 nm^fit. i + -f ;l'S^^f^M L /io -eLT^ CintCcb*)^?. 





^9t^^ 


H a z (p pm) 


4 0 0 £(± 4 5 0 £IT©1S^ 






450J:»9J||<50 0 JKT©S^ 






500<t«5ii5<55 OJBiT©*!^ 






5 5 Q ^^M< Q 0 0£(T©Ji^ 


BM 





5 5 OVEkTX'itmmitBiiifiSimm-CH a z e^ii*<2 0 0 0 p pmJgtTi^j:ofeo 
4 0 or^TEISix PH. O^IS?*<^+^i^i:t)> I n P®©BScgiSgP*<^ L 
<S<<j:So iil£o-CI nPe0iaMffi«4 0 01CJK±5 5 0 t;J£lT*<Sf * L < > 
J:»50* L< tt4 0 0 X;J2l_h5 0 0^JilT-^*-5o 

25 I n p/N'-y :7 TP^:Smtc. 6 5 0 "Cfiii 7 3 0 't:EiT©tas-eT--;i/*tja 
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7rli^jt*eSffl-r5Ji^{-«N I nGaP/<'y7TB3<i: I nP^<^5'7TS4 

At®^tfmJ**<5 nni£l±5 0 0 nm£iTO|ifflf«3-e*n{* J:<.>o I nG a P 
7ra3 t-'f^^Ts I n G a A s y 7 r B^ffl^-^ t>PI^K:, In 

GaAsP^<y7T)l<J:I n P^<^ 7 r S 4 A t ©^Ifffil®** 5 nm«± 5 0 0 . 
10 nmBlT©i5IBrt-e**it*J;V^o 

I nG a P/^-y 7 rPXtt I nOaAs P/<^ 7 rSOffillSt I nP/<'y-7r 

«cDM^cD-^tt©)^J*(i5 nmJei±5 0 0 n mE(T-X?*tlJ^ <fc < . $f L < 2 5 

nm£i±5 0 0 nmHT. L< 2 5 nniJK±2 0 0 nm£iT> $ 

if * L < « 3 0 n nilsi± 1 3 0 n mJKT-^ * o 
15 I n P^<y 7 reoim{d:2 0 nmJeiJ:2 0 0 nmBlT*W* L<s 

L < 2 0 n m£l± 1 0 0 n mJBlTN S 5. K*f * L < 2 0 n ml2i± 8 0 n m£i 

I nP^<«y 7 T®rtJC<i*NK]So e>{c±ogK^»-rs<o*iSih-r 

20 © I n P^<U TB®^gM^«. tJfeJ!^© I n Pfi^:gSffi-^?J;^,^o ^aj^t^MOCV 
D^-e«5 5 O'C—T 0 O'C^fi-e^So 

t)M$tlSt)®T?«^j:<.^o *ll«fetf!l-efiilim^^S&mh^>i^X^ (HEMT) 
25 *{ajK^I:ffe3&^ '\7^n/<-r ^15-7 h5:^5?X^ (H B T) -^p - i - n -7 * h 

^^^SJSRtgffi (Metalorganic chemical vapor deposition :MOCVD) 
l^fc*<N 35-^«Sit''iJ'4^i/- (Molecular beam epitaxy: MB E) ^t:MV.>§c: 



wo 2004/112111 



1 1 



PCT/JP2004/007413 



G a A s P/<y 7rMt>I^ISU-ffl<<^-5Ci*<-e^So 

mmm i ) 

5 r?4^v/i';l/S:K^MOCVDj*^fflt^T^©J;-5{ctTfPi!!L:A:o MOCVD» 
MfPSa^gl-^i^iiittG a A s Si^ 1 #S LXS^^ffi^ita^&ffi 

A s H3 ^XRCK^MW^-fb^^^-MMi LT^^i^ttG a A s 1 ©Ji 
KGaAs®*>&^5^<'y:7rB2*J^^Ly£o iSctcAsHs ^^^^PHs /f:^ 
Kiait)#;?.s I nGa P/'fy^rliS ( I nfflJ^O. 4 8 ) Sr 3 0 nmJ^lSLyiio 

10 c©i# I nG a P/<ry 7re<Z)^MSt* 5 5 0 "Ci L^to ^^JCSS^^iSa 
CiS^Lx M3|sF«-«J«3S>L'^j:A<e» HSK I nPIB4 ( I nite^O. 5 2). In 
G a A s ^•I'TWWas (InfflfiKO. 53). I n A 1 A s 6 (In 

la^o. 5 2) . m'f-mmm (s i zfu-^- f-^/i) 7. i ha i as 

»y h^-ms ( I nffifiSO. 5 2) > -^-tit-S i ^ K-fcf>'^''L/rI nG a a s 
15 ni/^^ hP9 (I ni^BfeO. 5 3) ^J^fiict/io 

e5?K:±iBH EMTffiJitf + -f /HSig*7 r >7*T#- Cvan der Pauw) ^ 

20 c /V • s i I n PS:^*^ffl L/£H E MTffl J- f;?' + -> + ^I/S^t I^^O 

cmmm 2 ) 

I nGa P^<y :7rOfifcM^* 5 0 0 tJ. miP* 1 5 nmt L/tJEi^ttlia 
1 p|«0#|&^1^-rHEMTffla:tf:J' + i/ + ;USffi«:f^SlLyi:o ?iG.tlfeJ^ 

*^T•^^<i: c:6. ^Ifr^S 9 0 0 cm* /V • s <?: I n PS^^^rffiffl LfcHEM 
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^^iy^ JUmWL^M O C V D ^.^T^fe© J: ^ C LTf^M L yto * "T 1 

5 ilqliltc InGaP>'<'y:7rS3 (I nilBJSS 0 . 4 8) ^30 nmJBfiSLfeo c: 
CDt# I nGa P^<<y :7 r»®^S2&^«5 5 OX:<J: L/;io ^Ctcfi^^^ 4 3 5 
*-eTt/> I nP/^y 7re4 A^5 0 nmfi!£;gL^o $ Jc^aS^ 6 5 0 °C© 

?)@;i<S*<e.> Jlgti I n PJg4> I n G a A s ^ + 5 (InifflJ^cO. 5 3) > 

10 I nA 1 As ^-^--y-ee ( I nffl^O. 5 2) s S i K-^li7x 
I nA 1 As ->g »y h4-e8 (I nifflfiKO. 5 2). -tnicS i*K-fcr>^^L 
ftlnGaAszi>:$'i7hm9 (I nffl^O. 5 3) ^m^LiZo ft&tifco^tf 

15 ^a-e*-;i/aj^«r?Toy!it ^i&K9 1 o o cm* /v • s i i n psm* 

(ll%l»J 4 ) 

^ tt^ < si§s $ n^i o /to 

HEMTfflj^e^ + '> + ->i/S*R©=i>^^' hg 9 ^>^^L•rM^a■e'i^- 
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